ABSTRACT: The aim of this paper was to investigate deoxynivalenol (DON) occurrence in maize samples originating from two harvest seasons in Serbia. The key differences between harvest seasons were weather conditions, specifically the humidity. The samples were analyzed using high performance liquid chromatography with DAD detection, after clean-up on SPE columns. In samples from 2014, DON was found in 82 (100.0%) samples with the average content of 2.517 mg/kg (ranged from 0.368 to 11.343 mg/kg). Two samples exceeded maximum level permitted by EU regulations. However, analyzing larger number of samples (163) from 2015 harvest season, DON was present in 51 (31.3%) samples in significantly lower concentrations (average of 0.662 mg/kg, ranged from 0.106 to 2.628 mg/kg). None of the samples from 2015 exceeded maximum level permitted by EU regulations. The data on DON presence in Serbian maize were in relation to the different weather conditions that prevailed during the two harvest seasons.
INTRODUCTION
Deoxynivalenol (DON) is the most widely spread mycotoxin from the trichotecene group. It is most commonly produced by Fusarium graminearum and F. culmorum molds. Maize is one of the most susceptible crops to Fusarium infection. A disease of maize caused by Fusarium molds is known as Gibberella ear rot (JECFA, 2001 ).
Animal's susceptibility to DON exposure differs among species. Pigs and poultry are extremely susceptible, while ruminants are relatively unaffected (Pestka, 2007) . Most common symptoms of chronic DON intake are decreased food intake and growth, as well as altered immune function. Acute poisoning with high doses of DON causes acute gastroenteritis with vomiting (Pestka, 2007) .
The European Union regulated DON content in cereals and cereal products with the exception of maize by-products at 8 mg/kg (European regulation, 2006) . In Serbia, the maximum permitted level for this mycotoxin has been changed recently. Until 2014, the maximum permitted level for DON was regulated only in complete and supplementary diets for pigs (0.5 mg/kg) (Serbian regulation, 2010) . Since April 2014, the Serbian legislation has been harmonized with the European legislation (Serbian regulation, 2014) .
In Serbia, arable land covers about 74.3% of utilized agricultural land. In 2015, in the structure of sown arable land areas, cereals participated with 68.8%, industrial crops with 14.5%, vegetables with 2.5% and fodder crops with 9.6% (Statistical Office of the Republic of Serbia, 2016). However, cereals were grown on 1,782,010 ha in 2015, which is less compared to 2014 (1,819,188 ha). During 2015, maize was harvested from 1,010,227 ha, with total production of 5,454,841 t. The average yield in 2015 was 5.4 t/ha, which is lower in comparison with 2014 (7.5 t/ha) and 2013 (6.0 t/ha) (Statistical Office of the Republic of Serbia, 2016). Furthermore, in 2016 Serbia was ranked among top ten maize exporters (Index Mundi, 2016) , and among top twenty maize producers in the world (Index Mundi, 2016a) .
RASFF (2017) reported five notifications regarding DON presence in maize and maize products originating from Serbia for the years 2014-2016. The highest notified level (16.18 mg/kg) was detected in corn flour in 2015. However, no notifications have been made in 2017 so far.
The aim of this research was to determine DON content in maize samples from 2014 and 2015 harvests, collected in Serbia. Also, the presence of DON was investigated in terms of weather conditions recorded during the period of investigation.
MATERIALS AND METHODS

Chemicals
Acetonitrile and water (all HPLC grade) were purchased from Sigma-Aldrich (St. Louis, MO, USA). DON crystalline substance (D0156) was also purchased from Sigma-Aldrich (St. Louis, MO, USA). Calibration solution was prepared in ethyl-acetate:methanol (19:1, v/v) at the concentration of 0.1 mg/ml from crystalline substance according to AOAC method 986.17. Stock solution was prepared by measuring 1.00 ml of calibration solution of DON into a 10 ml volumetric flask and diluting to volume with ethyl-acetate:methanol (19:1, v/v). Working calibration solutions were prepared by evaporating the appropriate volume of the stock solution and diluting with 1.00 ml of mobile phase. Standard solutions were stored at 4 °C.
Samples and sample preparation
In total, 245 (82 from 2014 and 163 from 2015 harvest) samples of maize were randomly collected from different locations in Serbia. Each sample was immediately transported to the laboratory and was stored in a freezer at -20 °C until analysis. Prior to each analysis, the samples were allowed to reach room temperature. All samples were milled on a laboratory mill in such a way that >93% passed through a sieve with pore diameter of 0.8 mm and a portion was taken for analysis.
Twenty-five grams of maize sample were extracted with 100 ml acetonitrile: water (84:16, v/v) by high speed blending on an Ultra Turrax (Ultra Turrax T18, IKA, Staufen, Germany). The extract was filtered through slow filtration filter paper (Filtros Anoia, Barcelona, Spain) and 3 ml was cleaned up on MycosepTM 225 (Trich) columns (Romer Labs. Inc., Union, MO, USA). The cleaned-up extract was evaporated just to dryness on a Reacti-Therm™ Heating/Stirring Module (Pierce, Rockford, IL, USA) in gentle steam of nitrogen delivered by Reacti-Vap™ Evaporator (Pierce, Rockford, IL, USA).
HPLC analysis
The HPLC analysis was carried out by slightly modified chromatography conditions proposed by Abramović et al. (2005) .
The equipment consisted of an Agilent Technologies 1260 series HPLC system (Agilent Technologies, USA) with a DAD detector and a column Hypersil ODS (150 x 4.6 mm ID, particle size 5 μm, Agilent Technologies, USA).
The DON analysis was performed after evaporation. The residue was redissolved in 300 μl of mobile phase and filtered through a 0.22 μm nylon membrane filter (Agilent Technologies, USA). A 15 μl aliquot of the solution was injected into the HPLC system. The mobile phase consisted of an isocratic mixture of water:acetonitrile (84:16, v/v), with a flow rate of 0.8 ml/min. The detection of DON was performed at 220 nm. The mobile phase was filtered through a 0.45 μm regenerated cellulose membrane filter (Agilent Technologies, USA). Identification of DON was done by comparing the retention times and spectra of DON from samples with those of the standards.
RESULTS AND DISCUSSION
Samples of maize collected during two different harvests (2014 and 2015) , were analyzed for the presence of DON and the results are presented in Table 1 . As can be seen, there was a significant difference in DON presence between production years. In 2014, DON was found in 100% samples, while in 2015 its content was above the LOQ in 31.3% of analyzed samples. The average DON content in 82 analyzed samples from 2014 was 2.517 mg/kg with the median value of 2.100 mg/kg. In a large number of samples from 2015 (163), significantly smaller average DON content (0.662 mg/kg) and median value (0.458 mg/kg) were found in comparison with samples from 2014 harvest. Despite high presence of DON in maize from 2014 harvest season, only 2 (2.4%) samples contained DON above maximum permitted level (8 mg/kg) regulated by Serbian regulation (2014) and European regulation (2006) . On the other hand, no samples from 2015 harvest exceeded mentioned regulations. Sutton (1982) described that in case of maize, Fusarium infection most commonly takes place through the tip of the ear, when the fungi penetrate through the silk in the phase of maize flowering. Exceptionally humid weather in the period from silking to ripening enables ear contamination (Vigier et al. 1997) . The ear is the most sensitive to contamination at the beginning of silking, while this sensitivity lowers with silk aging (Reid et al. 1992; Reid and Hamilton 1996) . The silking period in Serbia takes place during the month of July and the first half of August.
According to the reports of the Republic Hydrometeorological Service of Serbia (2014), in the territory of Serbia was recorded the most humid weather in the past 45 years. During the vegetation period of 2014, an average of 700 mm of rainfall was noted, which was 2 to 3 times higher in comparison with the multi-annual average. Standardized precipitation index (SPI-6) showed extreme moisture conditions in most parts of Serbia during this period (AprilSeptember). Regarding the critical period for Fusarium infection of maize (July-August), it was characterized as moderately warm with very humid and rainy weather. The most frequent precipitation was recorded during July and early August (Figure 1) . Maximum mid-day air temperatures during the summer were below average, while mornings were warm with minimum temperatures above the average. Also, during the summer, a frequent occurrence of extreme weather with hail storms was recorded, that caused damage to crops and probably contributed to Fusarium infection of maize. Additional factor for high DON occurrence in 2014 was the period of harvest. The maize harvest in 2014 lasted unpredictably long, from mid-September through mid-December, due to wet weather in autumn (United States Department of Agriculture, 2015). Furthermore, maize moisture content was above 20% at the beginning of the harvest and most possibly contributed to the development of Fusarium mold and substantial DON production.
Summer of 2015 (June-August) was warmer compared to a long-term average, with significantly less amount of rainfall. Besides the rainfall quantity, rainfall distribution during the year was also unfavorable for crops (Republic Hydrometeorological Service of Serbia, 2015) . Based on the standardized precipitation index (SPI-3), the humidity conditions in 2015 were unfavorable in main agricultural areas of Serbia. The most unfavorable period for most agricultural crops was from the end of the first decade of July to mid-August (Figure 2) , and the most affected were spring crops, especially maize (Republic Hydrometeorological Service of Serbia, 2015) . Although dry weather usually leads to a plant stress (Zandalinas et al. 2017) , it is not quite favorable for Fusarium molds growth as well. But then again, during the second half of August some precipitation was registered and this may have led to Fusarium growth and DON production afterwards. In addition, during September 2015 the weather was warmer, compared to long-term average, with higher amount of rainfall.
Harvest season of 2014 was undoubtedly extremely favorable for the growth of Fusarium molds due to the extremely humid and relatively warm weather. On the other hand, most of the vegetation period in 2015 was probably unfavorable for Fusarium molds growth, except maybe in September, when the amount of precipitation was above long-term average precipitation.
In Serbia, the importance of DON occurrence in maize and other cereals has not been properly perceived until recently. Jajić et al. (2008) Kos et al. (2017) presented the results of a three-year DON monitoring in Serbian maize. The authors analyzed a highly representative number of samples (1,800) and came up with conclusions that amount of precipitation represented a climatic factor with the strongest influence on the DON occurrence in maize.
CONCLUSION
In conclusion, it can be said that the high DON presence and its content during 2014 was a consequence of rather favorable weather conditions for Fusarium mold growth that prevailed in almost entire territory of Serbia during vegetation period (April-September), particularly during maize silking period (July-August). The results may also be the consequence of the extremely humid conditions during fall months and high moisture content of maize, which resulted in maize harvest delay up to mid-December. It is significant to emphasize that development of Fusarium mold and DON production in 2014 was similar to extreme Aspergillus infection and aflatoxin contamination in maize during 2012. However, since aflatoxin is known as carcinogenic substance, its occurrence involved more public attention than DON. In contrast, samples from 2015 showed significantly lower presence of DON, along with its lower levels. Less favorable weather conditions for Fusarium growth were the reason for this, since the humidity conditions were predominantly important for their growth and DON production. РЕЗИМЕ: Циљ овог рада био је да се испита појава деоксиниваленола у узор-цима кукуруза који потичу из Србије из два жетвена периода. Кључну разли ку из међу два жетвена периода су чинили временски услови, а нарочито услови вла-жности. Узорци су анализирани техником течне хроматографије високих пер фор-манси (HPLC) с детектором с низом диода (DAD), након пречишћавања на SPE колонама. Када су у питању узорци из 2014. године, присуство деоксиниваленола је утврђено у 82 (100,0%) узорка са средњим садржајем овог микотоксина од 2,517 mg/kg (опсег од 0,368 до 11,343 mg/kg). Два узорка су превазилазила максимални ниво који је дозвољен европском законском регулативом. С друге стране, анализи-рајући већи број узорака (163) из 2015. године, деоксиниваленол је био присутан у 51 (31,3%) узорку у значајно нижим концентрацијама (просечна вредност од 0,662 mg/kg, у опсегу од 0,106 до 2,628 mg/kg). Ниједан од узорака из 2015. није пре вазилазио максимални садржај прописан европском регулативом. Подаци о присуству деоксиниваленола у кукурузу из Србије могли су се повезати са значај-но другачијим временским условима који су преовлађивали на територији Србије током ове две жетвене године.
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